The problem of seawater intrusion is encountered in almost all coastal aquifers. Because of its higher density, the seawater migrates inland into freshwater aquifers even without any pumping activities. 
INTRODUCTION
Coastal aquifers represent an important source of freshwater, especially in arid and semi-arid regions. In such regions, groundwater resources are over-exploited to meet the development and urbanization of coastal zones. The excessive pumping of groundwater in coastal aquifers has reduced the freshwater flux to the sea and allowed the inland migration of the seawater. Several investigations have reported the abandonment of well fields due to seawater intrusion in coastal zones (Abd-Elhamid ).
The Nile Delta aquifer (Figure 1 ) is among the largest underground freshwater reservoirs in the world (Sherif et al. a) . Previous investigations revealed that seawater intrusion in the Nile Delta aquifer has extended inland more than 100 km from the Mediterranean coast (e.g. Recently, Pandian et al. () presented finite element modelling of a heavily exploited coastal aquifer using FEFLOW software to assess the response of groundwater level to the changes in pumping and rainfall variation due to climate change. The study predictions indicated that 10% increase of recharge and 10% decrease of pumping causes a 3 m and 6 m increase in groundwater head in the studied aquifers, respectively. Surinaidu () used different hydrochemical mixing models and multivariate statistical techniques, including factor and cluster analysis to identify the salinity sources in the central Godavari delta. The results of the study revealed that very high salinity in pumping wells is due to up-coning of saltwater. Shapouri et al. () examined the variation of stygofauna composition collected in wells, along a gradient in groundwater salinity/conductivity in a coastal aquifer from southern Portugal. The studied coastal aquifer is considered vulnerable to salinization due to seawater intrusion, caused by overexploitation of the aquifer. The study suggested that stygofauna composition and structure can be a useful complementing tool for monitoring seawater intrusion into coastal aquifers, where reduction or deterioration in groundwater resources is predicted. 
COUPLED FLUID FLOW AND SOLUTE TRANSPORT MODEL
The governing differential equations describing transient fluid flow, heat transfer and solute transport in saturated/ unsaturated soils are presented in terms of four primary variables; pore-water pressure (u w ), pore air pressure (u a ), absolute temperature (T ) and solute concentration (c).
The governing differential equations for water flow, air flow, heat transfer and solute transport can be expressed as:
Water flow equation:
Air flow equation:
Heat flow equation: 
PHYSICAL SETTING AND HYDROGEOLOGICAL PARAMETERS OF THE NILE DELTA AQUIFER
Arid and semi-arid regions are more vulnerable to water shortage problems due to the scarcity of rainfall and limited 
RESULTS AND DISCUSSION
The 2D-FEST model was employed to identify the dispersion zone and the flow pattern in the Nile Delta aquifer using the variable density approach. All the simulations were conducted in the vertical view. Three vertical sections in the eastern, middle and western parts of the Nile Delta aquifer were considered, as shown in Figure 2 .
The upper boundaries of the three sections were assumed horizontal while the lower boundaries were inclined with an increased depth toward the seaside. The geometric characteristics of the three sections are as follows: 
IMPACT OF CLIMATE CHANGE AND SEA LEVEL RISE ON SWI IN THE NILE DELTA AQUIFER
To investigate the effect of sea level rise and over-pumping on seawater intrusion in the Nile Delta aquifer, three scenarios are considered and applied at section III. In these scenarios, the shore line is maintained at its current location and the effect of submergence of low lands by sea water is not considered. The results obtained using the 2D-FEST model for the three scenarios are shown in Figure 9 . therefore more seawater intrusion is anticipated. A 100 cm rise in the Mediterranean Sea water level will cause additional intrusion of about 10 km in the Nile Delta aquifer. Reduction in piezometric head water at the land side due to overpumping will cause an additional intrusion of 8 km. The combination of scenarios 1 and 2 will cause an additional intrusion of 15 km.
